Introduction
============

While it is absolutely clear to the subject suffering pain just how much they are exposed to suffering as a result of noxious substances, there is a large difference in the opinions of others about how much pain the subject is exposed to, and whether the subject is experiencing pain at all. The differences in attitudes towards what structures of the central nervous system (CNS) are necessary for the patient to be experiencing pain become more significant when the necessity for the introduction of analgesic therapy is considered.[@b1-jpr-9-1031] This issue is particularly prominent in patients, such as those with brain damage, who cannot describe the pain through any form of communication. Fetal pain, which is the topic of this paper, is a special problem.

According to the International Association for the Study of Pain (IASP), pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage.[@b2-jpr-9-1031] The traditional standpoint is that the registering of a nociceptive stimulus with a sensory system and perceiving a nociceptive stimulus as painful are not the same process.[@b3-jpr-9-1031] Nociception includes registering noxious stimuli with specialized free nerve endings and transmitting information about it. Data provided with nociception are imperfect and incomplete for the CNS to make a direct copy for current events. Perception is the organization, identification, and interpretation of sensory information in order to represent and understand the environment.[@b4-jpr-9-1031]

The classical view of the proper perception of pain is related to the processing of afferent nociceptive signals at the level of the cortex cerebri. The majority of current standpoints about fetal pain follow this concept.[@b5-jpr-9-1031]--[@b8-jpr-9-1031] The perception of pain among adults encompasses the subject's consciousness and active cortex cerebri, which enables learning and activates memory and emotions in the process of pain processing.[@b9-jpr-9-1031] If the definition including the learning process and understating the cause--effect relationship is applied, it would mean that the infant would become aware of pain between the second and fourth week of postnatal life.[@b5-jpr-9-1031] Mellor et al completely dismiss the notion that the fetus feels pain during pregnancy.[@b3-jpr-9-1031] They believe that during intrauterine development the fetus is exposed to a combined neuroinhibitory action: 1) of an electroencephalogram (EEG) suppressor and sleep inducing agent (adenosine); 2) two neurosteroidal anesthetics (allopregnanolone, pregnanolone); and 3) a potent sleep-inducing hormone, prostaglandin D2 of endogenous origin or produced by the placenta. They believe that pain occurs immediately after birth.[@b3-jpr-9-1031] It should be noted that serum concentrations of adenosine are higher in preeclamptic mothers than in fetuses, but this does not provoke analgesia in mothers.[@b10-jpr-9-1031] At the end of pregnancy, serum concentrations of progesterone are almost the same in fetuses (822 nmol/L) and mothers (783 nmol/L), again without analgesia in mothers.[@b11-jpr-9-1031] Pregnanolone is used as an anesthetic in experimental research with plasma concentrations ten to twenty times higher than in fetuses or pregnant females.[@b12-jpr-9-1031] Based on EEG analysis, Burgess and Tawia concluded that a fetus becomes conscious at about 30 to 35 weeks gestation and consequently feels pain in this period.[@b13-jpr-9-1031] Based on behavioral reactions to noxious stimulation, comparable to the adult or older child, Rogers concluded that the fetus feels pain as early as the 26th week of gestation.[@b14-jpr-9-1031] Derbyshire concludes, based on the necessity of cortex cerebri activity in processing pain perception, that the earliest period when the fetus can feel pain is the 23rd gestation week. That is the week when thalamic projections, which can transmit information about nociception to the cortical plate, are formed.[@b5-jpr-9-1031] The maturity of the thalamus and associated subcortical structures with proper thalamocortical connections at the 20th gestation week accompanied by a coordinating electroencephalogram rhythm, provide the possibility for the fetus to experience something approximating "pain".[@b6-jpr-9-1031] Studies have shown that hormones which represent fetal hypothalamic-pituitary-adrenal stress responses (cortisol, noradrenaline, beta-endorphin) increased significantly in the fetal plasma as a response to placing a needle in the intrahepatic vein reached by piercing the fetus's abdominal wall. Fetal beta-endorphin and noradrenalin responses were apparent from the 18th gestation week, whereas fetal cortisol responses were apparent from 20th gestation week.[@b15-jpr-9-1031],[@b16-jpr-9-1031] Glover and Fisk also take into account the activity of cortex cerebri in pain processing and consider that the 16th gestation week is the earliest possible period for the fetus to feel pain.[@b7-jpr-9-1031] The 16th week sees the first contact of subplate zone with outer fibers which belong to the group of monoamine fibers and originate at the brain stem.[@b8-jpr-9-1031] The subplate zone is a temporary formation of the future mature cortex cerebri.

Some clinical data about adult human patients suggested that ablation as well as stimulation of the primary somatosensory cortex does not alter pain perception, whereas thalamic ablation stimulation does.[@b17-jpr-9-1031] This study shows that the cortex cerebri does not have to play a prominent role in the process of pain perception. Lesions of the cortex cerebri, no matter how extensive they are, are not associated with a coma. On the other hand, lesions of the reticular activating system, which includes intralaminar thalamic neurons, lead to loss of consciousness.[@b18-jpr-9-1031],[@b19-jpr-9-1031] Moreover, studies with experimental animals suggest that the brain stem and thalamus play an important integrative role in the elaboration and control of adaptive and motivated behavior.[@b20-jpr-9-1031]

The assessment of pain in experimental animals is based on their behavior. Chronic decerebrates, such as mesencephalic cats or rats, upon nociceptive stimulation, exhibit crying, fear and the escape response; they also express elements of rage behavior.[@b20-jpr-9-1031],[@b21-jpr-9-1031] Decerebrate kittens can develop many behavioral patterns closely parallel with that of normal animals.[@b22-jpr-9-1031] These experiments indicate that the brain stem could organize and execute species-typical behaviors and partly even meaningful patterns of behavior.[@b20-jpr-9-1031] Likewise, the earlier the decerebration is done in relation to the maturity of the individual, the higher the possibility of its compensation abilities to damage. It is also possible that, after decerebration, the development of these structures are unmasked from the influence of higher hierarchical structures, and that they indicate their own physiological development.[@b20-jpr-9-1031],[@b23-jpr-9-1031] Decorticated experimental animals, such as the rat, also have behavioral patterns that resemble those of intact animals.[@b24-jpr-9-1031],[@b25-jpr-9-1031] Decerebrate and decorticate experimental animals show oral habituation, habituation to auditory and vibrotactile stimuli, and even classical conditioning of the eye blink reflex.[@b26-jpr-9-1031]--[@b31-jpr-9-1031] The possibility of habituation and classical conditioning at the level of the mesodiencephalon shows its capability for learned modifications of the reflexes. More importantly, classical conditioning is associative learning which provides a possibility to link two items through experience. Pain perception could result from a learned association between nociception and the evoked unpleasant emotion. All those necessary components are present at the level of the mesodiencephalon in decerebrate as well as in decorticate experimental animals, as was quoted in the previous text.

It is a characteristic of the nervous system that structures which are at hierarchically lower levels mature faster. Human newborns are born with a mature subcorticospinal system of the brain stem which plays a leading role in the behavior of the newborn.[@b32-jpr-9-1031] During maturation neural elements are not assembled like a computer, which can be turned on once the final component is included. When it comes to the fetus, it has to be taken into account that the developing neural elements may be immature, but they are not inactive;[@b33-jpr-9-1031] the developing pain system has a signaling function during the maturation of the fetus. This system uses the existing neural structures at that moment.[@b33-jpr-9-1031] According to this, the perception of pain during development is not related to any determined structures of the CNS, on the contrary, the process of pain perception could be made with any structure satisfying the conditions that perception is the organization, identification and interpretation of sensory information in order to represent and understand the environment.

All these data could lead to the hypothesis that the early rudimentary form of the perception of pain in human species could be achieved only with mesodiencephalic structures during intrauterine development.

Habituation, conditioned associative learning, and the brain stem in human species
==================================================================================

Among decerebralized patients, it is possible to bring about the habituation of cardiac responses to auditory or visual stimuli. Furthermore, two paired stimuli result in the appearance of a marked cardiac orienting response to the unpredictable omission of the second stimulus, proving the development of simple conditioned associative learning.[@b34-jpr-9-1031] Habituation and conditioned associative learning at the level of the mesencephalon in adult patients show that during intrauterine development the mesencephalon has possibility not only for reflexive reaction, but its reaction could be based on rudimentary learning.

Fetuses start to respond to vibroacoustic stimulation from the 23rd to the 24th gestational week. By the 30th week of gestation, all fetuses respond.[@b35-jpr-9-1031] The blink-startle response appears from the 24th to the 25th week of gestation and is consistently present after the 28th gestational week.[@b36-jpr-9-1031] The possibility of the modulation of responses, i.e. habituation, depends on the level of maturity of the sensory modalities involved in their registration. Registration of tactile stimuli appears at the 7th gestation week while auditory brainstem responses appear at the 26th gestation week.[@b37-jpr-9-1031],[@b38-jpr-9-1031] There are no published studies on habituation or classical conditioning with tactile stimuli in human fetuses.

An identical ontogenetic pattern is present in rats as well. Habituation as well as classical conditioning to tactile stimuli in rats may be elicited on the 19th and 20th gestational days, a few days after the appearance of the response to tactile stimuli.[@b39-jpr-9-1031],[@b40-jpr-9-1031] The auditory brainstem response in rats may be first evoked on the 7th postnatal day.[@b41-jpr-9-1031]

Anencephaly and neurologic functioning
======================================

Anencephaly is a brain malformation, where the brain stem is hierarchically the highest functional part of the CNS. In a paper published in 1949, there is a description of behavior of a newborn with anencephaly during 85 days of postnatal life. It was proven postmortem that the highest level of CNS was at the level of the thalamus. When the patient's behavior was analyzed, it was registered that if the patient was handled roughly, he cried weakly, and when the investigator coddled him, he showed contentment and settled down in the arms of the investigator. He would sleep after feeding and awaken when hungry. He expressed his hunger by crying. In response to painful stimuli, he withdrew his limbs. He died due to a frontal epidural abscess.[@b42-jpr-9-1031] Other studies also described neural function and behavior in anencephalic fetuses. Sweet tastes of sugar elicit positive facial expressions of liking, whereas bitter or salty tastes elicit negative facial expressions of disgust in anencephalic newborns. If the skin of the anencephalic newborn is exposed to stinging, pressure or punching, they cry painfully.[@b43-jpr-9-1031],[@b44-jpr-9-1031] Based on neurological examination of anencephalic newborns it is concluded that responses to noxious stimuli such as avoidance, withdrawal, or painful crying are of a brain stem origin in the human species. They also express wake/sleep cycles.[@b45-jpr-9-1031] When novel acoustic stimuli were presented, the anencephalic infant showed an orienting response, and cardiac slowing, during the first 2 months of life. The anencephalic infant also habituated to acoustic stimuli.[@b46-jpr-9-1031]

Hydranencephaly and neurological functions
==========================================

Hydranencephaly is a condition in which the cerebral hemispheres are absent to varying degrees and the defect is filled with the cerebrospinal fluid. Remnants of the cortex cerebri are usually basal and medial parts. Mesodiencephalic structures are usually intact. On autopsy, the remaining cortical tissue shows gliosis, and destruction of corticopetal and corticofugal fibers.[@b47-jpr-9-1031] Patients with hydranencephaly, aged between 5 and 17 years old, in spite of being definitely in vegetative state, possess discriminative awareness for objects, music, etc. They can distinguish familiar from unfamiliar people and environments. Hydranencephalic patients also express social interactions, functional vision, appropriate affective responses, and associative learning. Goal-directed behavior could also be observed.[@b48-jpr-9-1031] They can feel pain, they can cry, smile, hug and kiss members of their families and caregivers. They anticipate and expect events such as a particular television program or a visit to someone familiar.[@b49-jpr-9-1031]

Anencephaly, hydranencephaly and the implications for fetal pain
================================================================

What implications do the abovementioned behavior of newborns with anencephaly have on the process of the fetus starting to feel pain? Pain contains sensory and affective components. The sensory component is clearly visible in avoidance reactions and withdrawal to noxious stimuli. Crying in response to rough handling shows affective components in interactions with the mother or with medical staff. Showing contentment and settling down as a response to treatment with care or kindness also shows affective components in interaction with other people. Such interaction is necessary for bonding between the mother and the newborn, and the further emotional relationship between mother and infant, and represents one step in the emotional development of the infant.[@b50-jpr-9-1031] The presence of the orienting response to a novel stimulus as well as habituation also show the possibility for adequate reactions to environment. If the general definition of perception is taken into account, stating that it includes the organization, identification, and interpretation of sensory information in order to represent and understand the environment, anencephaly demonstrates that the basic, most general, appropriate interaction with the environment can be achieved with a functional brain stem.

Patients with hydranencephaly possess all of the elements necessary for pain registration. They can learn, they show emotional reactions during interaction with people, and they are able to anticipate events. Basically, they fulfill the criteria for pain according to the International Association for the Study of Pain, which defines pain as an unpleasant sensory and emotional experience associated with actual or potential tissue damage.

Development of systems related to nociception and pain in the fetus
===================================================================

Having said all that, the period in which the fetus experiences pain is the period when sensory nerve endings, sensory receptors, peripheral nerves, the spinal cord, and the structure of the mesodiencephalon show minimal functional maturity in relation to nociception, processing and response. It should be noted that stimulus of any modality can cause pain if sufficient intensity is applied.

The nerve endings of the fifth cranial nerve have reached the basement membrane of the epithelium in the oral cavity at the 8th gestation week and by the 9th gestation week they have reached basement membrane of the face epithelium.[@b51-jpr-9-1031] C fibers, which transmit nociception through unmyelinated fibers, make contact with the spinal cord at about 10 gestation weeks.[@b52-jpr-9-1031] The Pacinian corpuscles of the finger, which register sudden disturbances in vibration and pressure, begin to develop at about 10--11 gestation weeks.[@b53-jpr-9-1031] The crude end disks similar to Merkel's corpuscles in the lips are present at the 12th week of gestation. These corpuscles are transducing information about the low-frequency vibrations (30--50 Hz) that occur when textured objects are moved across the skin.[@b54-jpr-9-1031]

Tracts related to the transmission of nociceptive signals to the reticular formation of the brain stem are spinoreticular and spinomesencephalic. Efferent tracts responsible for the brain stem's executive function are vestibulospinal, reticulospinal, and rubrospinal.

Although exact data related to the maturation of spinoreticular, spinomesencephalic, vestibulospinal, reticulospinal, rubrospinal fibers are missing, spinal cord development related to the histological regions and morphology is well explained. Until the 12th week of gestation all parts of spinal cord containing afferent and efferent pathways are present in humans.[@b55-jpr-9-1031]

Neurotransmitters which relay information about nociception are substance P and glutamate amino acid. It is reported that substance P is present in the spinal cord at the early stage of development between the 5th and 7th gestation weeks and in the brainstem nuclei between the 11th and 12th weeks of gestation.[@b56-jpr-9-1031] Glutamate amino acid is also present in this period in the spinal cord, brain stem and thalamus.[@b57-jpr-9-1031] The neurotransmitters involved in attenuating nociception are also present in the spinal cord in this period.

Acetylcholinesterase and enkephalin immunoreactivities were detected first in the spinal cord between the 5th to 7th gestation weeks, then in the brainstem nuclei between the 11th and 12th weeks of gestation. Expressions of neuronal nitric oxide synthase were present in the posterior horn of the spinal cord from 2nd month of gestation.[@b58-jpr-9-1031]

Immunoreactivity for neuropeptide Y, also involved in attenuating nociception, appeared in the upper segments of the spinal cord at the 12th gestation week.[@b56-jpr-9-1031] Galanin, another neuropeptide involved in pain attenuation was first detected in spinal cord after the 16th gestation week.[@b59-jpr-9-1031] Serotoninergic neurons were found in the dorsal raphe nucleus at the 10th week of gestation.[@b56-jpr-9-1031],[@b60-jpr-9-1031]

Opioid neuropeptides have a role in the early learning of new associations related to emotion regulation and the impact of touch-based interventions.[@b61-jpr-9-1031] Enkephalin was present from the 12th week of gestation at the brain stem.[@b58-jpr-9-1031],[@b62-jpr-9-1031] Beta-endorphin and beta-lipotropin were present in the cephalic part of embryo starting at the 7th week of pregnancy.[@b63-jpr-9-1031]

The centro-median nucleus starts to segregate from the rest of intralaminar nuclei between the 10th and 14th week of gestation.[@b64-jpr-9-1031] This group of thalamic nuclei receives nociceptive afferents. They participate in general arousal, affective aspects of pain as well as in the integration of sensory submodalities.[@b4-jpr-9-1031],[@b65-jpr-9-1031]

Myelination of nerve fibers is absent in the first trimester of gestation in the human species. However, the myelination process should not be critical for pain perception during development. Even in the peripheral nerves of human adults, nociceptive impulses are carried through unmyelinated C polymodal fibers as part of peripheral nerves.[@b66-jpr-9-1031] Also for classical conditioning, the myelination of the CNS is not a necessary condition. Rat fetuses could undergo classical conditioning, while myelination process starts postnataly.[@b67-jpr-9-1031],[@b68-jpr-9-1031]

Development of neurotransmitters which regulate arousal
=======================================================

Neurotransmitters related to regulation of arousal are present at the 12th week of gestation. Serotonin was present from the 10th gestation week in raphe dorsalis nuclei in the brain stem, as has already been suggested.[@b60-jpr-9-1031] Granular vesicles in the neuronal bodies of the locus coeruleus containing catecholamine are present at the 11th gestation week.[@b69-jpr-9-1031] Using immunohistochemical method, other authors detected noradrenalin and serotonin in the brain stem, even earlier, at 4--5 gestation weeks.[@b70-jpr-9-1031] Acetylcholinesterase was present in the brain stem nuclei and thalamus between the 10th and 12th gestation week.[@b58-jpr-9-1031],[@b71-jpr-9-1031] In the thalamus, the activity of acetylcholinesterase could be detected starting from the 10th week of gestation. The capability for arousal maintains the process of sensory integration and response at the level of the mesodiencephalon.

Functional maturation of the fetal response to touch and stroke
===============================================================

The reaction to touch begins during the 7th week of gestation when touching the peri-oral area results in the head turning away. The palms of the hands become sensitive to stroking at the 10th--11th weeks of gestation. During the 12th gestation week the sensitive area has spread to the chest. The soles of the feet become sensitive around the 13th--14th weeks of gestation.[@b37-jpr-9-1031]

Neurophysiological maturation of the brain stem
===============================================

Basic characteristics of the neuron are excitability and conduction of electrical impulses. Results obtained during cesarean section show that spontaneous, intermittent bursts of electrical activity are present in the brain stem from the 10th week of gestation onward, while as a response to the stretching reflex, it appears from the 12th gestation week onward.[@b72-jpr-9-1031] Another study suggested that bursts of fast and slow wave activity in the brain stem appear in the 7th gestation week.[@b73-jpr-9-1031] Excitation of brain stem neurons as a response to the stretching reflex show the development of integrative and regulative activities of the mesodiencephalon lower spinal reflexes.

The fetus is more prone to pain than adults
===========================================

Whether the fetus is more prone to pain, and whether it feels it more intensively than newborns, can be indirectly concluded from the published data. Even though, as it has been stated, the structures which participate in pain modulation exist as early as in the period between the 12th and 14th gestation week, inhibitory descending serotonin pathways in the nociceptive system, which are used to block painful stimuli, mature only after birth. This suggests that the fetus is more sensitive to nociception than infants and may explain why newborns show exaggerated behavioral reaction to sensory provocation.[@b44-jpr-9-1031] The mean threshold for the initial response for a cutaneous withdrawal reflex is lower for younger premature infants. At 29 weeks it was 0.237 g, whereas the mean threshold at 41 weeks was 0.980 g. This also suggests that younger fetuses are more sensitive to painful stimuli than older ones.[@b74-jpr-9-1031] Early painful experience could have various long-lasting effects. Repeated stimulation with von Frey hairs led to a significant lowering of the threshold or "sensitization" of the cutaneous withdrawal reflex in infants from the 27th gestation week up to the 35th gestation week.[@b74-jpr-9-1031] These data show that repeated painful stimulation could also cause sensitization, and consequently the fetus could be more sensitive to painful stimulus. Newborns are also prone to the long-lasting effects of pain. Neonatal circumcision without application of local anesthetics causes a stronger pain response to subsequent routine vaccination than in uncircumcised infants at 4 and 6 months of age.[@b75-jpr-9-1031]

Hyperalgesia during development has also been observed in other species as well, such as, for example, the rat. Electrical activation of periaqueductal gray matter does not produce analgesia until the 21st postnatal day.[@b76-jpr-9-1031] Only in the period from the 34th to the 40th postnatal day does the sensitivity to pain appear as it does in adult subjects.[@b77-jpr-9-1031]

Conclusion
==========

Taking everything that has been said into account, it can be concluded that an early form of pain may appear from the 15th week of gestation onward. Bearing in mind the dominant role of the reticular formation of the mesodiencephalon, which is marked by a wide divergence of afferent information, a sense of pain transmitted through it is diffuse and can dominate the overall perception of the fetus. In the later phases of gestation, a pivotal role in the regulation activity of the CNS, including pain perception, are taken over by the structures of the diencephalon and the cortex cerebri. The threshold for tactile stimuli is lower at earlier stages of gestation. The pain inhibition mechanisms are not sufficiently developed during intrauterine development, which is another factor leading to increased intensity of pain in the fetus. All this points to the fact that the fetus is extremely sensitive to painful stimuli, and that this fact should be taken into account when performing invasive medical procedures on the fetus. It is necessary to apply adequate analgesia to prevent the suffering of the fetus.
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